UNITED  STATES  AIR  FORCE 
AIR  UNIVERSITY 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

Wright-Patterson  Air  Force  Base, Ohio 


1 


AN  INQUIRY  INTO  THE  POSSIBLE  EFFECTS 
OF  IMPLEMENTATION  OF  THE  VARIABLE 
SAFETY  LEVEL  TECHNIQUE  OF  THE  DO 41 
SYSTEM  ON  WRM  ITEMS  IN  TERMS  OF 
NORS(G)  INCIDENTS  AND  HOURS 

Julia  C.  Denman,  GS-12 
John  Gavel,  Captain,  USAF 
Perry  L.  Sholer,  Captain,  USAF 

SLSR  25-76B 


1 


A 


1 


USAF  SCN  75-20B  AFIT  Control  Number  SLSR  25-76B 

AFIT  RHSrARCl  ASSFSS'-'i.VF 
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and  future  applications  of  AFIT  thesis  research.  Please  return  completed 
questionnaires  to:  AFIT/SLCR  (Thesis  Feedback),  Wright -Patterson  AFB, 

Ohio  45433. 

1.  Did  this  research  contribute  to  a current  Air  Force  project? 

a.  Yes  b.  No 

2.  Do  you  believe  this  research  tonic  is  significant  enough  that  it  would 
have  been  researched  (or  contracted)  by  your  organization  or  another  agency 
if  AFIT  had  not  researched  it? 

a.  Yes  b.  No 

3.  The  benefits  of  AFIT  research  can  often  be  exoressed  by  the  equivalent 
value  that  your  agency  received  by  virtue  of  AFIT  performing  the  research. 

Can  you  estimate  what  this  research  would  have  cost  if  it  had  been 
accomplished  under  contract  or  if  it  had  been  done  in-house  in  terms  of  man- 
power and/or  dollars? 

a.  Man-years  $ (Contract) . 

b.  Man-years  $ (In-house). 

4.  Often  it  is  not  possible  to  attach  equivalent  dollar  values  to  research, 
although  the  results  of  the  research  may,  in  fact,  be  important.  Whether  or 
not  you  were  able  to  establish  an  equivalent  value  for  this  research  (3  above) , 
what  is  your  estimate  of  its  significance? 

a.  Highly  b.  Significant  c.  Slightly  d.  Of  No 

Significant  Significant  Significance 
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CHAPTER  I 


INTRODUCTION 

Much  of  the  military  success  of  our  armed  forces 
in  past  conflicts  has  been  due  to  the  emphasis  the  military 
establishment  has  placed  on  its  ability  to  provide  logis- 
tics support  to  strategic  and  tactical  units.  In  recent 
years,  logistics  planning  and  performance  has  received  an 
increasing  degree  of  recognition  and  consideration  by  Air 
Force  policymakers.  In  this  regard,  one  of  the  most  diffi- 
cult logistics  tasks  faced  by  the  Air  Force  is  how  to  allo- 
cate dollars  to  provide  the  most  efficient  and  effective 
use  of  available  assets  at  any  time  (5:20). 

This  research  effort  deals  with  Air  Force  inventory 
policy  for  the  efficient  stockage  of  recoverable  items 
within  the  context  of  the  Recoverable  Consumption  Item 
Requirements  Computation  System  (D041) . D041  is  an  auto- 

mated data  system  which  reflects  the  average  materiel  sup- 
port requirements  for  recoverable  items  for  Air  Force 
operations  (17:1-1).  Recoverable  items — those  items  that 
when  unserviceable  can  be  repaired  by  maintenance  activi- 
ties at  the  base  or  depot,  and  reissued — are,  from  a 
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management  standpoint,  the  most  complex  category  of  inven- 
tory items  (5:22). 

The  specific  logistics  problem  addressed  is  the 
identification  of  attendant  problems  of  integrating  the 
Variable  Safety  Level  (VSL)  requirement  into  the  D041 
system  to  protect  against  fluctuations  in  demands  and 
unexpected  delays  in  the  resupply  of  assets  due  to  repair, 
transportation,  or  procurement. 

The  Variable  Safety  Level  technique  uses  a marginal 
analysis  model  to  look  at: 

. . . all  items  in  a computational  group  i.e., 
budget  programs,  budget  program  activity  code,  and 
federal  supply  classification  to  determine  within 
funding  constraints  the  most  efficient  mix  of  items 
on  hand  and  the  optimum  quantity  per  item  [16:129]. 

Problem  Statement 

This  thesis  addresses  the  following  issues: 

1.  Can  the  incorporation  of  the  Variable  Safety 
Level  technique  into  the  D041  data  system  result  in  a 
possible  compromise  of  Operational  Readiness  (OR)? 

2.  Is  the  attainment  of  economic  efficiency 
achieved  by  this  technique  accomplished  at  the  expense 
of  operational  support? 

3.  Will  the  items  which  receive  a decline  in 
budget  support  under  VSL  cause  an  overall  increase  for 
operationally  significant  items  in  the  Not  Operationally 
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Ready  Supply-Grounded  (NORS(G))'*'  commodity  hours  and/or 


2 

incidents  as  reported  by  the  D165A  data  system? 

The  Air  Force  management  objective  in  implementing 
the  Variable  Safety  Level  computation  into  the  D041  system 

was  to  achieve  the  best  safety  level  support  per  dollar 

3 - 

invested  in  inventory  by  minimizing  backorders  (17:1-1). 
Such  implementation  requires  tradeoffs  in  support  from 
high-repair-cost  items  with  low  inventory  turnover  to  low- 
repair-cost  items  with  high  inventory  turnover  (4) . The 
Variable  Safety  Level  formula  is  designed  to  provide  an 
increase  in  the  safety  level  for  items  having  the  following 
characteristics:  (1)  high  demand,  (2)  long  leadtime, 


NORS  is  defined  as:  "The  aerospace  vehicle  or 
selected  item  of  equipment  not  capable  of  performing  any  of 
the  primary  missions  assigned  to  the  unit  due  to  lack  of 
part(s)  [19:1-3]."  In  the  context  of  this  thesis  NORS  is 
related  to  commodity  hours  as  opposed  to  aircraft  hours 
unless  otherwise  stated.  "An  aircraft  will  be  reported 
NORS(G)  when  it  is  not  capable  of  flight  (grounded)  due  to 
a verified  lack  of  parts  . . . [19:2-17]." 

2 

Historical  records  of  NORS  commodity  hours  and 
incidents  are  maintained  and  reported  by  the  Standard  Aero- 
space Vehicles  and  Selected  Items  of  Equipment  Not  Opera- 
tionally Ready  Supply  Data  System  (D165A)  at  Headquarters 
Air  Force  Logistics  Command.  This  data  system  receives 
input  of  requisitioning  items  from  the  D165B  data  system  at 
each  Air  Logistics  Center.  The  D165B  system  receives  input 
from  the  base  level  supply  system. 

^Backorder  is  defined  as:  "An  obligation,  assumed 
and  recorded  by  any  supply  echelon,  to  issue  at  a subse- 
quent date  a requisitioned  item  which  was  not  immediately 
available  for  supply  [19:1-9]."  In  the  context  of  this 
thesis  the  supply  echelon  referred  to  will  be  base  level 
(i.e.,  a Due  Out  to  Maintenance)  (18:1-2). 
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(3)  high  Not  Reparable  This  Station  (NRTS),4  (4)  small  unit 
procurement  cost,  (5)  small  unit  repair  cost,  (6)  small 
Budget  Support  Objective  (BSO),^  (7)  high  number  of  users 
(15:29).  On  any  given  item,  varying  combinations  of  these 
characteristics  would  affect  the  Variable  Safety  Level  (VSL) 
formula. 

The  problem  addressed  by  this  research  effort  was 
to  determine  if  the  increased  support  theoretically  afforded 
to  operationally  significant  items  by  the  Variable  Safety 
Level  mode  of  the  D041  data  system  may  result  in  an 
increase  in  NORS (G)  conditions  and  a reduction  in  NORS(F)^/ 
NFE^  conditions  within  the  framework  of  a reduction  in 
total  backorders. 


4 

Not  Reparable  This  Station  (NRTS)  is  defined  as: 
"The  percentage  of  failed  items  which  must  be  sent  to  a 
central  repair  activity  having  greater  repair  capability 
[18:1-1] ." 

^Budget  Support  Objective  (BSO)  is  defined  as: 

"The  reduction  in  expected  backorders  resulting  from  the 
addition  of  one  spare  divided  by  the  unit  cost  of  the 
spare  [2:9] . " 

®"An  aircraft  will  be  reported  NORS(F)  when  it  can 
be  flown  but  is  not  capable  of  performing  all  of  its  com- 
mand assigned  missions  due  to  one  or  more  of  its  command 
designated  systems  or  subsystems  being  inoperative  and 
parts  are  required  to  return  it  to  a fully  operational 
status  [19:2-17]." 

^Not  Fully  Equipped  (NFE) : "The  aircraft  is  capable 
of  performing  one  or  more  of  the  primary  missions  assigned 
to  the  unit  but  has  some  limitations  on  its  operational 
capability  due  to  lack  of  part(s)  [19:1-31]." 


Recoverable  Consumption  Item  Requirements 
Computation  System 
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The  Recoverable  Consumption  Item  Requirements  Compu- 
tation System  (D041)  computes  requirements  for  recoverable 

Q 

items  subject  to  depot  level  repair,  with  three  exceptions. 

The  exempt  categories  of  contingency,  insurance,  and 
9 . 

obsolete  items  cannot,  due  to  their  nature,  have  a consump- 
tion related  stock  and  are  excluded  from  the  D041  computa- 
tion. The  remaining  active  items  constitute  the  vast 
majority  of  the  USAF  recoverable  item  inventory  (16) . 


Buffer  Stock 

The  D041  system,  like  other  modern  inventory  sys- 
tems, includes  a buffer  stock  or  safety  level  quantity  to 
reduce  the  risk  of  a stock-out  condition  caused  by  unpre- 
dictable fluctuations  in  failure  rates,  insufficient  lead- 
times,  or  a faster  than  expected  inventory  depletion  rate. 
Although  it  is  not  immediately  clear  just  how  large  this 
"safety  stock"  should  be,  it  is  apparent  that  as  the  stock 

o 

The  Expandability,  Recoverability,  Repairability 
(ERRC)  Codes  included  are  XD1,  XD2 , XD3 , and  until  November 
1975,  XF2  (18:1-5;  4).  For  purposes  of  this  thesis,  XF2 
items  are  included  in  the  stock  number  population — since 
the  D041  computation  cycle  simulated  uses  data  as  of 
31  March  1975. 

g 

Contingency  items  are  those  for  which  Headquarters 
USAF  has  directed  retention  of  quantities  for  which  no 
program  requirements  exist.  Insurance  items  are  those 
which  are  not  subject  to  periodic  replacement  or  wearout. 
Stock  levels  are  established  by  higher  headquarters  or  by 
the  item  manager.  Obsolete  items  are  those  for  which  no 
future  use  is  planned  (16) . 


increases  to  a certain  level,  the  probability  of  an  air- 
craft being  grounded  due  to  stock-outs  decreases  (18:1-2). 
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Fixed  Safety  Level  Mode 

The  computation  of  a buffer  stock  level  was  origi- 
nally based  on  a Fixed  Safety  Level  concept.  The  depot 
safety  (or  stock)  level  consisted  of  thirty  days  stock  for 
each  item  and  was  based  on  that  item's  rate  of  consumption 
(17:1-18)  . 

The  following  three  problems  were  inherent  to  the 
Fixed  Safety  Level  concept: 

1.  There  was  no  measure  of  effectiveness  versus 
dollar  investment  on  a per-item  basis. 

2.  Depot  repair  time  and  procurement  leadtime 
were  not  considered. 

3.  Dollar  constraints  did  not  play  a direct  role 
(15:5-8) . 

In  other  words,  the  cost  of  supplying  the  same  level  of 
support  to  all  items  varied  but  was  not  considered.  Not 
all  pipeline  time  was  included.  One  of  the  biggest  prob- 
lems with  the  D041  Fixed  Safety  Level  Computation  was  that 
even  if  safety  levels  were  increased  uniformly  for  all 
items,  there  was  no  means  of  determining  the  expected 
improvement  in  support. 
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Multi-Echelon  Technique  for 
Recoverable  Item  Control 

The  Variable  Safety  Level  model  addressed  by  this 
thesis  evolved  from  the  Multi-Echelon  Technique  for 
Recoverable  Item  Control  (METRIC) . METRIC,  an  analytical 
mathematical  model  which  uses  integer  non-linear  program- 
ming, was  introduced  in  1966  by  C.  C.  Sherbrooke  of  the 
Rand  Corporation  (13:iii).  It  was  translated  into  a com- 
puter algorithm  capable  of  determining  base  and  depot  stock 
levels  for  recoverable  items.  A major  purpose  of  this 
model  was  to  determine  optimal  base  and  depot  stock  levels 
for  each  item,  subject  to  a constraint  on  system  investment 
or  system  performance  (13:2). 

METRIC  computes  stock  levels  based  on  the  objective 
of  "minimizing  the  sum  of  backorders  on  all  recoverable 
items  at  all  bases  pertinent  to  a specific  weapon  system 
[13:6]."  Sherbrooke  defined  the  backorder  minimization  as: 

Take  a fixed  period  of  time  and  add  together  the 
number  of  days  on  which  any  unit  of  any  item  at  any 
base  is  backordered;  dividing  this  number  by  the  length 
of  the  period  and  taking  the  expected  value  of  the 
statistic,  yields  a number  that  is  independent  of  the 
period  length.  This  is  the  value  we  seek  to  minimize 
[13:6]  . 

The  following  assumptions  are  made  for  the  METRIC 
model  (13:8-12): 

1.  A compound  Poisson  probability  distribution 
describes  the  demand  process  for  each  item. 

2.  The  demand  is  stationary  over  the  prediction 


period. 
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3.  The  decision  to  repair  a unit  at  base  or  depot 
level  depends  only  on  the  complexity  of  repair. 

4.  There  is  no  lateral  resupply  between  bases. 

5.  There  are  no  condemnations  (i.e.,  all  items 
are  repaired) . 

6.  The  depot  repair  begins  when  the  reparable 
base  turn-in  arrives  at  the  depot  (no  batching) . 

7.  Items  and  bases  may  have  different  essentiali- 
ties but  METRIC  assumes  that  all  items  have  equal  essen- 
tiality. 

8.  Demand  data  from  different  bases  can  be  pooled 
in  some  manner  so  that  a composite  initial  estimate  of 
demand  per  flying  hour  (or  any  other  program  element)  can 
be  obtained. 

Variable  Safety  Level  Mode 

The  transition  from  the  Fixed  Safety  Level  mode 
to  the  Variable  Safety  Level  mode  was  gradual.  The  first 
studies  of  the  possible  use  of  marginal  analysis  tech- 
niques by  the  Air  Force  were  accomplished  by  the  RAND 
Corporation  in  1962,  and  were  tested  at  three  operational 
bases.  The  test  results  indicated  that  the  base  stockage 
model  could  be  used  successfully  in  an  operational  environ- 
ment (15:23-24) . 

From  1968  to  1970,  additional  tests  involving  depot 
level  maintenance  items  were  conducted  at  Robins  Air  Force 


Base  and  Kelly  Air  Force  Base  to  determine  the 
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practicability  of  computing  depot  stock  levels  using  mar- 
ginal analysis  techniques.  These  tests  met  the  program 
criteria  established  (14:23-24)  (these  criteria  did  not 
include  operational  considerations  addressed  in  this  thesis). 

The  decision  was  made  to  incorporate  the  marginal  analysis 
concept  into  the  requirements  computation  process  of  the 
Advanced  Logistics  System  (ALS)  under  development  at  that 
time  in  the  Air  Force  Logistics  Command. 

In  June  1974  a technique  using  marginal  analysis 
was  incorporated  into  the  requirements  computation  of 
Economic  Order  Quantity^  (EOQ)  items.  Department  of 
Defense  Instruction  (DODI)  4140.39  provided  the  policy 
directive  for  this  change.  This  directive  states  that: 

Thus  the  objective  of  this  policy  concisely  stated 
is:  To  minimize  the  total  of  variable  order  and  hold- 
ing costs  subject  to  a constraint  on  time-weighted 
essentiality-weighted  requisitions  short.  The  mathe- 
matical formula  for  the  use  of  a shortage  parameter 
which  can  be  set  to  control  the  safety  level  . . . 

[Sic]  [20:7] . 

The  directive  was  intended  to  be  applied  to  EOQ  items,  and 
to  any  other  items  (including  reparables)  to  the  extent 
feasible. 

When  the  implementation  of  ALS  was  repeatedly 
delayed,  Headquarters  Air  Force  Logistics  Command  deter- 
mined that  the  Variable  Safety  Level  concept  could  be 

^EOQ  or  expense  items  are  those  which  are  procured 
or  ordered  in  uniform  size  lots  so  as  to  minimize  purchas- 
ing, transportation,  and  storage  costs.  They  consist  of 
two  ERRC  codes  (XF3  and  XB3)  (4). 
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independently  incorporated  into  the  existing  D041  system. 

A comparison  test  of  D041  Fixed  Safety  Level  and  D041 
Variable  Safety  Level  for  the  FY  75-3,  FY  75-4  and  FY  76-1 
computation  cycles  resulted  in  the  incorporation  of  the 
Variable  Safety  Level  technique  into  the  operating  D041 
system  for  the  FY  76-3  processing  cycle  (4). 

In  the  Variable  Safety  Level  mode,  the  safety  level 
maintained  is  determined  by  analyzing  the  following  item 
characteristics: 

1.  The  demand  or  failure  rates. 

2.  The  depot  repair,  base  repair,  and  condemna- 
tion rates. 

3.  The  repair,  order,  shipment,  and  procurement 

times. 

4.  The  unit  cost  of  the  item  (to  determine  the 
return  on  investment  for  each  item)  (15:19-20). 

The  following  constraints  are  imposed  on  the  D041 
Variable  Safety  Level  computation: 

1.  No  marginal  analysis  solution  is  accepted 
unless  it  is  at  least  equal  to  the  worldwide  average 
requirement  for  the  item.  This  constraint  was  designed 
to  prevent  a "negative"  safety  level  requirement  which 
would  cut  into  the  average  pipeline  requirements. 

2.  No  marginal  analysis  solution  is  allowed  to 


provide  more  than  99%  support  level.  This  constraint 
was  provided  to  avoid  spending  additional  dollars  to 


11 

achieve  an  expected  reduction  in  backorders  of  less  than 
one  percent. 

3.  The  Budget  Support  Objective  (BSO)  concept  was 
developed  to  allow  for  the  consideration  of  available  dol- 
lars. The  BSOs  were  selected  initially  by  weapon  system 
within  Budget  Program.  For  those  Federal  Stock  Classes 
(FSCs)  which  may  be  designated  as  problem  FSCs,  a new  BSO 
may  be  assigned  (3:22).  The  BSOs  are  input  into  the 
marginal  analysis  algorithm  and  the  optimum  spare  levels 
associated  with  their  values  are  determined  for  each  item 
in  the  system  (2:8-10). 

The  problems  associated  with  the  Variable  Safety 
Level  mode  will  be  discussed  in  the  Justification  section 
of  this  thesis. 

War  Readiness  Materiel 
(WRM)  Considerations 

A number  of  differences  are  noted  between  combat 
and  peacetime  demand-forecasting  considerations  in  the  D041 
Requirements  Computation  Data  System.  The  " steady- state" 
situation  assumed  in  the  METRIC  method  of  computing  inven- 
tory requirements  does  not  necessarily  hold  in  combat 
campaigns.  These  campaigns  are  of  relatively  limited  time 
duration,  are  the  target  of  specific  planning  or  strategic 
decision  making,  and  may  cause  considerable  overload  in 
the  capacities  for  maintenance  and  overhaul  in  the  combat 
environment  (6:12-13).  Consequently,  a certain  level  of 
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operationally  significant  materiel  must  be  stocked  to 
insure  surge  capabilities.  This  requirement  level  is  called 
War  Readiness  Materiel  (WRM) WRM  levels  are  computed 
separately  from,  and  are  an  added  input  to,  the  basic 
computational  cycle  using  the  D041  system  (17:1-25). 


Justification 

The  justification  for  this  research  effort  was 
based  on  the  premise  that  the  assumptions  common  to  both 
the  Fixed  and  Variable  Safety  Level  modes  of  the  D041 
system  are  questionable.  These  assumptions  equate  back- 
orders to  NORS (G)  conditions  on  a one-to-one  basis.  In 
other  words,  increased  support  could  be  given  to  non- 
critical  items  because  all  items  are  considered  equally 
critical,  increasing  the  possibility  of  compromising  Opera- 
tional Readiness  (13;  18:1-2).  In  addition,  these  assump- 
tions make  predetermination  of  the  degree  of  compromise 

impossible  and  produce  uncertainty  as  to  the  possible 
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effect  on  duration  of  stock  outage  and  WRM/WRSK  support. 


^War  Readiness  Materiel  (WRM) : "That  maueriel 
required  to  augment  peacetime  assets  to  completely  support 
forces,  missions,  and  activities  reflected  in  USAF  war 
plans  [19:1-46]." 

12 

War  Readiness  Spares  Kit  (WRSK) : "A  kit  consist- 
ing of  selected  spares  and  repair  parts  needed  to  sustain 
operations  (without  resupply)  at  base,  deployed  or  dis- 
persed locations  for  the  first  month  of  conventional  activ- 
ity in  USAF  war  plans  [19:1-46]."  For  the  purposes  of  this 
research.  Base  Level  Spares  Sufficiency  Kits  were  considered 
to  be  a form  of  prepositioned  WRSK. 
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The  D041  system  in  either  a Fixed  or  Variable 
Safety  Level  mode  is  a "closed"^  decision  model  and  as 
such  is  prone  to  suboptimize  either  the  system  or  sub- 
system^) (21:196-197).  This  can  best  be  illustrated  by 
examining  the  assumptions  on  which  both  modes  are  based. 

Both  modes  share  the  implicit  assumption  that  every 

backorder  results  in  the  grounding  of  an  aircraft  (18:1-2). 

This  assumption  equates  a backorder  to  a NORS (G)  condition. 

Because  a backorder  is  by  definition  insensitive  to  the 

14 

application  of  the  item,  the  lack  of  that  item  may  cause 
a NOPS (G) , NORS(F),  or  NFE  condition,  making  the  above 
stated  assumption  questionable.  Of  the  three  conditions, 
a NORS(G)  condition  is  the  most  critical;  however,  the  D041 
system,  in  both  Fixed  and  Variable  Safety  Level  modes, 
fails  to  take  this  important  fact  into  account  (10) . As  a 
result,  the  Fixed  Safety  Level  mode  provides  an  equal  level 
of  support  to  all  potential  backorder  conditions.  This  is 
clearly  suboptimal  in  terms  of  the  real  world  requirements 
of  weapon  systems  support.  The  Variable  Safety  Level  mode 
provides  varying  levels  of  support  contingent  upon 
marginal  analysis  using  budgetary  and  operational  con- 
straints (15) . As  a result  of  the  insensitivities  of  both 

^A  closed  model  is  one  having  only  limited  environ- 
ment input  (21:196-197). 
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Within  the  context  of  this  thesis  items  are  con- 
sidered to  be  base  stocked.  Since  items  stocked  at  depot  for 
depot  use  only  are  not  directly  related  to  field  operations, 
they  do  not  impact  the  areas  of  study  addressed  (4) . 


L. 
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modes,  there  is  no  rigorous  method  of  determining  what  will 
be  the  tradeoffs  in  terms  of  NORS(G),  NORS (F) , and  NFE 
conditions.  In  other  words,  there  is  no  way  to  determine 
if  the  increased  support  theoretically  afforded  by  the 
Variable  Safety  Level  mode  may  result  in  a reduction  in 
NORS(F)/NFE  conditions  and  an  increase  in  NORS(G)  condi- 
tions within  the  framework  of  a reduction  in  total  back- 
orders. 

Another  ramification  of  the  homogeneous  treatment 
of  backorders  relates  to  the  uncertainty  inherent  in  repair 
cycle  and  procurement  leadtimes.  These  leadtimes,  and 
possibly  item  failure  rates,  can  both  be  affected  by  and 
have  an  effect  on  stockage  policy  (9).  Consequently, 
significant  changes  in  stock  levels  due  to  the  use  of  Fixed 
or  Variable  Safety  levels  may  result  in  differences  in  the 
number  and  duration  of  backorders  (9).  Thus,  the  Variable 
Safety  Level  mode  may  produce  numerically  fewer  backorders 
that  result  in  a longer  total  stock-out  or  zero  balance 
time  (that  is,  greater  NORS  commodity  hours).  Since  both 
factors  are  time  dependent,  the  tendency  would  be  for  the 
aircraft  NORS  rate  to  increase  and  the  OR  rate  to  decrease. 

A final  ramification  of  the  insensitivity  of  both 
modes  is  in  the  support  given  to  the  operating  levels  of 
WRM  items  (in  the  context  of  this  research,  the  analysis 
of  WRM  items  is  limited  to  WRSK  items) . Support  of  WRM 


levels,  per  se,  is  100%  under  either  mode  since  these 
levels  are  additive  to  operating  levels. 
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WRM/WRSK  items  are  most  critical  in  wartime  and, 
with  certain  exceptions,  most  critical  in  peacetime  (11) . 
One  of  the  recognized  faults  of  the  Fixed  Safety  Level  mode 
was  that  it  often  required  the  use  of  WRM/WRSK  assets  to 
support  daily  operations  (8).  The  support  given  operating 
levels  of  WRM/WRSK  items  under  the  Variable  Safety  Level 
mode  cannot  be  predetermined  since  no  essentiality  weight- 
ing has  as  yet  been  incorporated  into  the  system  (15) . 

It  should  be  noted  at  this  point  that  these  types  of  items 
also  account  for  a high  percentage  of  NORS  incidents  and 
hours.  This  statement  is  supported  by  the  statistics  in 
Table  1. 


TABLE  1 

IMPACT  OF  WRM  ITEMS 


Number  of 

% of  Total 

% of  NORS 

% of  NORS 

WRM  Itsns 

Itans 

Incidents 

Hours 

All  degrees  of  Base 

Repair  Capability 15 

7889 

21.5 

70.3 

47.9 

(Sources:  Inventory  Data:  D041  FY76-3  Computation  Cycle. 

NORS  Data:  D165A  January-June  1975  NORS  Report- 

ing Period.) 


For  purposes  of  this  research  effort  an  item  is 
classified  as  having  high  base  repair  if  it  is  repaired  at 
base  level  65  to  100%  of  the  time.  Items  reparable  at  base 
level  from  0 to  29%  of  the  time  are  considered  as  having  low 
base  repair,  and  those  reparable  at  base  level  from  30  to 
64%  of  the  time  are  defined  as  having  medium  base  repair. 
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Based  on  these  statistics,  this  category  of  items  was  con- 
sidered to  be  operationally  significant,  and  was  therefore 
selected  as  the  focus  of  concern  in  this  research. 


Objective 


The  objective  of  this  research  effort  was  to  assess 
the  impact  of  VSL  on  the  number  and  duration  of  NORS(G) 
incidents  relating  to  WRM/WRSK  items. 


Research  Hypothesis 

The  hypothesis  addressed  by  this  research  effort 
was  that  the  number  of  NORS(G)  incidents  and  the  related 
hours  for  WRM/WRSK  items  may  be  adversely  affected  by  the 
implementation  of  the  Variable  Safety  Level  in  the  Recover- 
able Consumption  Item  Requirements  Computation  System 
(D041)  . 


CHAPTER  II 


APPROACH  AND  METHODOLOGY 
Universe  Defined 

The  universe  considered  in  this  research  was 
limited  to  those  recoverable  consumption  items  identified 
by  the  Recoverable  Consumption  Item  Requirements  Computa- 
tion System  (D041)  as  having  ~ WRM/WRSK  level. 

Population  Defined 

The  populations  considered  encompassed  those  items 

in  the  universe  which  complied  with  each  of  the  following 

* 

limitations : 

1.  Items  for  which  source  data  existed  relating  to 
a given  Requirements  Computation  Cycle. 

2.  Items  which  had  existing  traceable  impact  data 
in  terms  of  NORS (G)  incidents/actual  hours. 

3.  Items  which  could  be  analyzed  within  the  time 
constraints  applicable  to  the  research  effort. 

The  population  was  further  defined  by  the  require- 
ments computation  mode  used  in  computing  safety  levels. 

Description  of  Variables 

The  following  variables  were  considered  in  testing 


the  research  hypothesis: 
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1.  Fixed  Safety  Level  Stock  Level — that  integer 
value  computed  world-wide  base  stock  level  that  is  com- 
prised of  a standard  demand  level,  negotiated  level  and 
Fixed  Safety  Level.  Each  stock  level  is  associated  with 
a Master  National  Stock  Number  (NSN)  and  its  associated 
Interchangeable  and  Substitutable  (I&S)  subgroup (s). 

2.  Variable  Safety  Level  Stock  Level — that  integer 
value  computed  world-wide  base  stock  level  that  is  com- 
prised of  a standard  demand  level,  negotiated  level  and 
Variable  Safety  Level.  Each  stock  level  is  associated  with 
a Master  NSN  and  its  associated  I&S  subgroup (s) . 

3.  NORS (G)  Incident--a  backorder  representing  a 
discrete  transaction  for  a single  item  causing  the  ground- 
ing of  an  aircraft. 

4.  Maximum  Critical  Demand — an  integer  value 
nuance  variable  derived  by  adding  the  Fixed  Safety  Level 
Stock  Level  and  NOR S (G)  Incidents  for  a Master  NSN  and 
its  associated  I&S  subgroup (s) . 

5.  Synthetic  NORS (G)  Incident — a non-negative, 
artificial  variable  created  for  this  research  and  derived 
by  subtracting  Variable  Safety  Level  Stock  Level  from 
Maximum  Critical  Demand  for  a Master  NSN  and  its  associated 
I&S  subgroup (s). 

6.  Actual  NORS  (G)  Hours — those  hours  associated 
with  a NORS (G)  Incident  for  a Master  NSN  and  its  associ- 
ated I&S  subgroup (s). 


A 
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7.  Average  NORS (G)  Hours — calculated  to  one  deci- 
mal place  by  dividing  the  Actual  NORS(G)  Hours  by  the 
NORS (G)  Incidents  for  a Master  NSN  and  its  associated  I&S 
subgroup  (s) . 

8.  Synthetic  NORS(G)  Hours — calculated  for  use  in 
this  research  by  multiplying  the  Synthetic  NORS (G)  Incidents 
by  Average  NORS(G)  Hours  and  rounding  off  the  result  to  the 
nearest  whole  number. 

Data  Collection  Plan 

A data  base  was  created  from  existing  data  by  the 
following  procedure: 

1.  Extracting  data  from  the  Air  Force  Logistics 
Command  D041  and  D165A  data  banks  by  establishing  screen- 
ing parameters. 

2.  Collating  and  summarizing  data  into  meaningful 
parameters  using  existing  Fixed  and  Variable  Safety  Level 
inventory  models  and  analytical  models  developed  in  support 
of  the  research  effort. 

3.  For  purposes  of  this  research,  data  collected 
from  the  D041  and  D165A  data  systems  was  assumed  to  be 
valid. 

Study  Design 

In  order  to  trace,  isolate,  and  determine  the 


effects  of  a change  in  safety  level  policy,  the  first  step 
was  to  analyze  how  the  supply  system  reacts  to  a change 
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in  safety  level  policy.  Safety  level  is  a component  of 
the  base  inventory  level;  therefore,  changes  in  safety 
levels  are  reflected  as  changes  in  the  overall  base  inven- 
tory level.  Two  distinct  issues  must  be  addressed  at  this 
point;  one  issue  is  the  fact  that  inventory  levels  are  tar- 
gets, and  the  other  issue  is  the  fact  that  the  system  does 
not  react  instantaneously  to  changes  in  these  targets. 

The  first  issue  can  be  resolved  by  judiciously 
choosing  the  time  period  over  which  that  impact  is  measured, 
in  this  case  thirty  days.  Since  the  inventory  level  of 
concern  is  an  authorized  or  target  level  some  means  must 
be  found  to  relate  the  actual  level  to  it.  Base-level 
inventory  is  predicted  on  a thirty-day  pipeline  resupply 
time.  This  inventory  level  is  the  authorized  level.  Inven- 
tory depletion  proceeds  to  the  reorder  point  at  which  time 
resupply  is  incrementally  requested  based  on  actual  demand. 
This  means  that  the  average  inventory  will  be  less  than  the 
authorized  level.  However,  the  amount  of  resupply  received 
within  a thirty-day  time  frame  is  designed  to  be  equal  to 
the  difference  between  the  authorized  and  actual  inventory 
levels.  Therefore,  over  a thirty-day  time  frame  the 
authorized  inventory,  neglecting  resupply,  can  be  equated 
to  the  actual  inventory  level  with  resupply  in  terms  of 
demand  satisfaction  capability.  (For  the  purposes  of  this 
research,  resupply  over  the  impact  data  gathering  time 
period  was  assumed  to  be  immaterial  since  the  authorized 
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inventory  level  was  dealt  with  as  opposed  to  the  actual 
inventory  level.  Satisfied  demands  for  a thirty-day  time 
frame  were  therefore  equated  with  the  authorized  stock 
level  (1;  7;  12;  14).) 

The  second  issue  to  be  discussed  arises  from  the 
fact  that  each  D041  Computation  Cycle  results  in  a newly 
computed  stock  level  which  becomes  the  authorized  inventory 
level.  The  actual  inventory  system  takes  time  to  adjust 
itself  to  this  new  target  level.  If  assets  are  available 
at  depot,  this  adjustment  time  would  be  within  the  standard 
thirty-day  order  and  ship  time.  However,  an  increased 
level  would  require  generation  of  additional  serviceable 
assets  and  the  time  lag  would  be  increased  by  the  procure- 
ment leadtime.  As  a result,  this  time  lag  must  be  ascer- 
tained in  order  to  equate  the  computed  stock  level  with  the 
authorized  stock  level  and  the  matching  steady-state  actual 
inventory  level.  In  the  event  a decrease  in  computed  stock 
level  occurs,  the  time  lag  equals  the  amount  of  time  it 
would  require  to  deplete  the  surplus  level  through  issue. 

This  time  equals  the  surplus  divided  by  the  current  daily 
demand  rate.  In  either  case,  this  time  lag  was  compensated 
for  by  extracting  from  the  D041  data  bank  the  procurement 
leadtime  or  daily  demand  rate,  as  appropriate,  for  each 
I&S  subgroup  involved.  Then,  the  computed  stock  level  was 
transposed  in  time  to  match  an  authorized  stock  level  and 
NORS(G)  time  frame  for  each  I&S  subgroup  (7;  12;  14). 

m 
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Having  traced  the  impact  of  a change  in  safety 
level  policy,  the  next  step  was  to  isolate  the  impact. 
NORS(G)  incidents  can  be  attributed  to  many  different 
causes  and  can  be  terminated  by  various  means.  Of  all  NORS 
cause  codes,  only  cause  code  reacts  to  stockage  policy 

inelastically . By  holding  all  other  factors  constant  a 
change  in  inventory  level  will  have  a direct  effect  on  NORS 
cause  code  H incidents/hours.  Using  a time  adjusted  point 
evaluation  approach  implies  that  for  each  additional  asset 
available,  one  less  NORS(G)  incident  would  have  existed. 
Conversely,  a reduction  in  availability  would  result  in  an 
increase  in  NORS (G)  incidents  on  a one-for-one  basis. 

This  assumes  that  the  existence  of  critical  unsatisfied 
demands  (NORS(G))  is  indicative  of  the  fact  that  a signifi- 
cant proportion  of  satisfied  demands  would  have  been 
NORS (G)  incidents  had  the  asset  not  been  available.  Both 
logic  and  past  experience  support  this  assumption  (14) . 

This  assumption  can  be  additionally  supported  by  the  fact 
that  the  changes  assessed  dealt  with  safety  level  and  not 
with  demand  level.  Therefore,  the  absolute  change  in  inven- 
tory levels  would  have  been  moderated,  and  the  assumption 
of  relative  symmetry  of  character  of  demand  is  fully  sup- 
portable. 

^ Cause  code  H is  defined  as:  "Less  than  full  base 
stock — stock  replenishment  requisition  exceeds  UMMIPS 
(Uniform  Military  Movement  Issue  Priority  System)  time 
standards  by  priority  group  [19:2-19]." 
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The  termination  of  NORS(G)  incidents  also  warrants 
discussion.  The  four  categories  into  which  NORS (G)  inci- 
dent terminations  may  be  placed  are:  depot  resupply,  WRM/ 
WRSK  withdrawal,  cancellation,  and  alternative  source.  While 
the  items  under  study  are  WRM/WRSK  items,  they  are  not 
authorized  as  WRM/WRSK  stock  at  every  installation.  As  a 
result  it  is  incorrect  to  assume  that  all  NORS (G)  demands 

would  be  satisfied  through  WRM/WRSK  withdrawal  (Delete 
17 

Code  7 ) . Therefore,  it  is  necessary  to  assess  the  impact 

1 8 

on  Delete  Code  1 because  depot  repaired  items  would  not 
be  available  in  the  base-repair-cycle  system.  Cancellations 
can  be  neglected  as  they  represent  errors  of  one  type  or 
another  and  not  true  NORS  incidents.  Alternative  sources 
such  as  lateral  support  and  cannibalization  are  constrained; 
thus,  any  impact  they  absorb  is  system  limited  and  as  such 
can  be  neglected  (7;  12;  14). 

In  order  to  determine  the  impact  of  changes  in 
safety  level  policy,  it  was  necessary  to  address  the  factor 
of  unsatisfied  demands.  Unsatisfied  demands  are  backorders 
to  the  base  level  customer.  Since  it  was  the  focus  of  this 
research  effort  to  stress  the  change  in  unsatisfied  demands 
with  the  most  critical  impact,  the  parameters  of  concern 
were  NORS (G)  incidents/hours.  Thus,  a nuance  variable, 

17 

Delete  Code  7 is  defined  as  use  of  WRM/WRSK 
assets  (10) . 

18 

Delete  Code  1 is  defined  as  receipt  of  item  from 
depot  (10) . 
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Maximum  Critical  Demand  (MCD) , was  defined  as  the  computed 
inventory  level  plus  NORS(G)  incidents.  The  MCD  for  an 
item  was  determined  by  adding  the  computed  stock  level  to 
the  NORS (G)  incidents  associated  with  that  stock  level 
during  a thirty-day  time  frame.  At  this  point  the  syn- 
thetic NORS  (G)  incidents  were  computed.  Using  source  data 
from  the  appropriate  time  frame,  a variable  safety  level 
computation  was  made  using  an  operational  model  that  had 
been  empirically  validated.  The  results  of  this  computa- 
tion were  subtracted  from  the  MCD  and  the  non-negative 
synthetic  NORS(G)  incidents  derived  (1;  7;  12;  14). 

In  order  to  determine  the  impact  of  safety  level 
changes  on  the  duration  of  the  above-delineated  NORS(G) 
incidents,  an  average  time  per  incident  was  derived  and 
a synthetic  total  time  computed  based  on  synthetic  NORS (G) 
incidents.  Time  accumulated  under  Delete  Code  8T  (canni- 
balization transfer)  was  treated  as  additive  to  Delete  Code 
1 (depot  resupply)  time.  The  justification  for  associating 
these  times  with  depot  resupply  termination  was  based  on 
past  studies  of  delete  code  mean  time  (10) . 

The  above- out lined  study  design  provided  the 
following  factors  in  support  of  the  analysis  requirements 

1 

of  the  research  effort: 

1.  NORS (G)  Incidents  resulting  from  the  use  of 
Fixed  Safety  Level  policy. 


2.  Actual  NORS(G)  Hours  resulting  from  the  use 
of  Fixed  Safety  Level  policy. 

3.  Synthetic  NORS{G)  Incidents  that  would  have 
resulted  had  Variable  Safety  Level  policy  been  used. 

4.  Synthetic  NORS (G)  Hours  that  would  have 
resulted  had  Variable  Safety  Level  policy  been  used. 

Testing  the  Research  Hypothesis 
Numerical  Analysis 

The  population  of  concern  in  this  research  effort 
was  previously  identified  as  including  those  recoverable 
consumption  items  which  were  determined  to  have  a WRM/WRSK 
level  for  a given  D041  computation  cycle.  For  the  follow- 
ing reasons,  it  was  determined  that  a census  of  the  delinea- 
ted population  would  be  more  appropriate  than  sampling: 

1.  The  majority  of  the  system  design  and  the  com- 
puter processing  time  was  devoted  to  the  creation  of  a data 
base,  an  effort  which  would  have  been  required  for  either 
sampling  or  census. 

2.  There  was  no  a priori  method  of  determining  a 
representative  sample  prior  to  the  creation  of  the  data 
base . 

3.  A census  provided  a more  precise  and  definitive 
basis  for  analysis. 

Therefore,  the  following  decision  rule  for  sup- 
porting or  not  supporting  the  research  hypothesis  was 
quantified.  An  improvement  or  no  change  in  support  would 
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be  indicated  if  the  overall  difference  in  NORS(G)  inci- 
dents/hours (actual  NORS (G)  incidents/hours  minus  synthetic 
NORS(G)  incidents/hours)  is  positive  or  zero.  In  this 
event  the  research  hypothesis  would  not  be  supported.  An 
adverse  impact  in  support  would  be  indicated  if  the  overall 
change  is  negative  and  the  research  hypothesis  would  be 
supported. 

Operational  Analysis 

The  following  objectives  were  defined  for  the  opera- 
tional analysis: 

1.  To  determine  the  significance  of  change  within 

Base  Repair  Capability  (BRC)  strata. 

* 

2.  To  assess  the  significance  of  the  order  of 
magnitude  of  the  change  resulting  from  the  transition  from 
Fixed  Safety  Level  to  Variable  Safety  Level  policy. 

List  of  Assumptions 

1.  The  effect  of  resupply  over  the  data-gathering 
time  period  was  assumed  to  be  immaterial. 

2.  The  existence  of  critical  unsatisfied  demands 
(NORS (G) ) indicated  that  a significant  proportion  of  satis- 
fied demands  would  have  been  NORS (G)  incidents  had  the 
asset  not  been  available. 
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3.  The  results  of  past  studies  of  delete  code  mean 
time  were  applicable  for  purposes  of  this  research  effort. 
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4.  The  data  obtained  from  the  Air  Force  Logistics 
Command  D041  and  D165A  data  banks  was  assumed  to  be  valid. 

5.  While  the  Variable  Safety  Level  technique  has 
not  been  operationally  implemented  at  base  level,  it  was 
assumed  that  the  computed  VSL  stock  level  would  be  repre- 
sentative of  the  actual  base  stock  level  because  the  dis- 
tribution system  should  be  responsive  to  the  assets  made 
available  by  the  D041  requirements  system. 

6.  It  was  assumed  that  additional  serviceable 
assets  required  would  be  procured  as  opposed  to  being 
obtained  by  increasing  the  productivity  of  repair  cycle 
activities. 


List  of  Limitations 

1.  The  precision  of  the  indication  of  impact  of  the 
implementation  of  the  VSL  technique  on  operational  support 
was  limited  by  the  use  of  a point-assessment  approach. 

2.  Lse  of  partially-contrived  data  has  reduced  the 
precision  of  the  indication  of  impact. 

3.  A severe  limitation  was  encountered  in  terms  of 
data  availability.  The  oldest  requirements  data  available 
only  allowed  for  a thirteen-month  time  match.  Since  the 
average  procurement  leadtime  for  this  data  was  approximately 
thirteen  months,  the  use  of  this  data  was  deemed  acceptable. 
However,  use  of  more  recent  data  was  deemed  unacceptable 
due  to  the  number  of  items  that  could  not  be  analyzed. 


CHAPTER  III 


FINDINGS  AND  ANALYSIS 
Research  Findings 

This  chapter  presents  the  findings  of  the  data 
research  and  relates  these  findings  to  the  operational 
environment.  The  data  analyzed  from  the  D041  system  was 
based  on  the  76-2  D041  Computation  Cycle  (asset  cut-off 
date  of  31  March  1975) . The  D165A  ASB  NORS  master  file 
data  used  was  for  the  thirteen-month  period  from  June  1975 
through  June  1976.  The  limitations  to  the  processing 
methodology  are  described  below. 

Limitations 

It  was  intended  that  the  requirements  data  (D041) 
to  be  processed  in  this  research  would  be  for  a computation 
cycle  far  enough  in  the  past  to  allow  for  a time  match  with 
the  appropriate  NORS  data  for  each  item  (the  procurement 
leadtime  for  items  contained  within  the  D041  system  varies 
from  4 to  24  months) . However,  three  files  required  to 
replicate  historical  processing  for  any  cycle  prior  to  the 
77-2  cycle  were  unavailable  for  this  research.  A search 
for  an  alternate  source  for  the  needed  data  resulted  in 
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the  location  of  duplicates  of  the  missing  files.  Dupli- 
cate  historical  files  did  not  exist  for  operations  prior 
to  the  76-2  computation  cycle.  This  processing  cycle 
allowed  an  analysis  of  NORS  data  for  only  a thirteen-month 
period — from  June  197  5 through  June  197  6.  A search  of  the 
WRM/WRSK  items  from  the  76-2  computation  cycle  revealed  a 
maximum  potential  fallout  (items  that  could  not  be  analyzed 
due  to  insufficient  data)  of  1928  items.  This  number 
represented  only  20.4%  of  the  total  WRM/WRSK  items  identi- 
fied; therefore,  it  was  concluded  that  the  research  method- 
ology would  not  be  critically  affected.  The  following  sec- 
tion describes  the  processing  methodology. 

Processing  Methodology 

Tne  CREATE  (Computational  Resources  for  Engineering 
And  simulation  Training,  and  Education)  computer  system, 
operated  by  the  Air  Force  Logistics  Command,  was  used  for 
the  extensive  data  collection  required  for  this  thesis. 

All  programs  developed  for  the  research  effort  were  vali- 
dated using  appropriate  test  data  before  initiating  actual 
system  processing.  Numerous  cross-checks  were  designed  to 
insure  the  accuracy  of  the  output  products. 

The  data  collection  was  divided  into  three  phases. 

Phase  I accomplished  the  isolation  of  the  required  data 

19 

These  tapes  were  obtained  from  the  Logistics  and 
Concepts  Division,  Directorate  of  Logistics  Plans  and  Pro- 
grams, Deputy  Chief  of  Staff  Systems  and  Logistics,  Head- 
quarters, United  States  Air  Force. 
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records  from  the  D041  and  D165A  data  bases  and  the  formula- 
tion of  this  data  for  subsequent  processing.  Phase  II 

involved  making  the  necessary  modifications  to  the  existing 

20 

FSL/VSL  computer  model  to  initiate,  compute  and  output 
the  D041  Fixed  Safety  Level  and  Variable  Safety  Level  stock 
levels  for  those  records  obtained  in  Phase  I.  Phase  III 
included  the  following:  (1)  determination  of  the  appropri- 

ate month  for  the  NORS  data  search  for  each  stock  number 
in  the  population;  (2)  summarization  of  NORS  data  for  each 
stock  number  for  which  the  appropriate  data  existed; 

(3)  computation  of  total  actual  and  total  synthetic  NORS 
incidents  and  hours;  (4)  isolation  of  supporting  statistics 
and  information. 

Appendix  A contains  three  tables  which  list  the 
programs  included  in  each  phase  of  the  data  collection  and 
give  a brief  description  of  what  each  program  was  designed 
to  accomplish.  Figures  1-3  are  also  included  in  Appendix  A. 
Each  figure  contains  a system  flowchart  which  relates  the 
inputs  to  and  outputs  from  each  processing  block  within  the 
phase  described.  Although  single  operations  are  indicated, 
the  system  design  is  illustrative  rather  than  exhaustive. 

For  example,  in  Phase  I (Figure  1)  the  procedure  shown  is 
duplicated  for  each  of  the  required  NORS  transaction  tapes. 

^This  model  was  designed,  programmed,  and  is  main- 
tained by  Management  Sciences  Division,  Headquarters,  Air 
Force  Logistics  Command/XRS. 
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The  thirteen  outputs  from  this  process  were  merged  to 
create  one  NOR S master  file  which  was  input  into  Phase  III 
processing  (Figure  3) . Also,  for  each  process  in  Phases 
II  and  III,  separate  computations  were  performed  for  each  of 
the  three  Base  Repair  Capability  strata.  The  findings 
obtained  from  the  processing  methodology  are  presented  in 
the  following  section. 

Summary  of  Findings 

Table  2 contains  a numerical  summary  of  the  results 
of  this  research  effort.  A summary  of  findings  of  opera- 
tional significance  is  contained  in  Table  3.  For  those 
items  which  had  a computed  Fixed  Safety  Level  Stock  Level 
(FSLSL)  less  than  the  Variable  Safety  Level  Stock  Level 
(VSLSL) , supply  support  would  be  increased.  For  those 
items  having  an  FSLSL  greater  than  the  VSLSL,  supply  support 
would  be  decreased.  Table  4 presents  operational  informa- 
tion about  this  category  of  items.  For  those  items  listed 
as  being  zero-hour  items,  a NORS(G)  incident  was  reported 
with  no  corresponding  NORS  hours,  indicating  a withdrawal 
from  the  WRSK  kit  to  support  the  requirement. 

Before  continuing  the  analysis  of  the  research 
findings,  a further  explanation  is  required  as  to  the  reduc- 
tion in  the  stock  number  population  as  a result  of  screen- 
ing parameters  throughout  the  system.  There  were  9472 
National  Stock  Numbers  (NSNs)  included  within  the  framework 
of  the  D041  system  (as  of  March  1975)  which  had  a WRM/WRSK 
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TABLE  3 

OPERATIONAL  FACTORS  BY  BASE  REPAIR  CAPABILITY 
AND  LEVEL  OF  SUPPORT 


Base  Repair 
Capability 

Number  of  NSNs  Analyzed 

FSLSL<VSLSL 

FSLSL>VSLSL 

FSLSL=VSLSL 

High 

3 

11 

11 

Medium 

7 

3 

9 

Low 

44 

10 

3 

Total 

54 

24 

23 

TABLE  4 

OPERATIONAL 

FACTORS  FOR  ITEMS 
HAVE  FSLSL>VSLSL 

COMPUTED  TO 

Base  Repair 
Capability 

Number  of 
Zero-Hour  Items 

Number  of 

Non- Zero  Hour  Items 

High 

10 

1 

Medium 

1 

2 

Low 

3 

7 

Total 

14 

10 
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requirement.  Of  this  number,  592  items  did  not  have  the 
required  system  data  for  subsequent  processing.  The  remain- 
ing 8880  stock  numbers  were  divided  into  high,  medium  and 
low  Base  Repair  Capability  strata.  Table  5 indicates  the 
fallout  throughout  the  system  due  to  the  stated  screening 
parameters. 


TABLE  5 

FALLOUT  DUE  TO  SCREENING  PARAMETERS 


Process 

Base  Repa 
High 

ir  Capability  Strata 
Medium  Low  Total 

Reason 

M6 

1339 

56 

192 

1587 

Contingency  or  Insur- 
ance item 

B1 

200 

39 

36 

275 

No  requirement  for 
the  item 

I 

480 

85 

240 

805 

No  demand  data  for 
the  item 

L 

1271 

1558 

3280 

6109 

No  NORS (G)  data  and/ 
or  procurement  lead- 
time  greater  than  13 
months 

M 

1 

1 

1 

3 

Zero  NORS (G)  inci- 
dents 

Total 

3291 

1739 

3749 

8779 

To  relate  the  findings  of  the  101  NSNs  analyzed  to 
the  population  from  which  they  were  drawn,  a data  survey  was 
conducted.  The  results  appear  in  Table  6.  Considering  that 
a large  variation  normally  exists  in  monthly  NORS  data,  the 
101  NSNs  analyzed  contrasted  favorably  with  the  average 
number  of  NSNs  found  in  the  delimited  WRM  NORS (G)  population 
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(Cause  Code  H,  Termination  Codes  1 and  7),  as  do  the  number 
of  NORS(G)  incidents.  The  NORS(G)  hours  do  not  appear  to 
be  representative;  however,  it  was  noted  that  NORS(G)  hours 
for  the  delimited  WRM  NORS (G)  population  ranged  from  3609 
to  67,187  during  the  thirteen-month  time  frame  considered. 
Although  the  effect  on  NSNs  that  could  not  be  analyzed  is 
unknown,  it  is  conjectured  that  these  items  were  few  in 
number,  caused  a relatively  small  number  of  incidents,  and 
produced  a large  number  of  NORS(G)  hours.  Since  these 
items  were  determined  to  have  a procurement  leadtime  in 
excess  of  thirteen  months,  and  were  items  to  which  VSL 


policy  would  have  provided  increased  support,  the  above 
conjecture  would  appear  to  be  valid.  An  analysis  of  the 
research  findings  is  discussed  in  the  following  section. 


TABLE  6 


POPULATION 

DATA 

D041 

(All  Cord/ 
Causes) 

WFM 

(All  Cord/ 
Causes) 

Delimited 
WRIVWRSK 
Stock  Numbers 

Stock  Numbers 
Analyzed 

NSNs 

1777 

282 

119 

101 

NORS  (G) 
Incidents 

3131 

2201 

370 

401 

NORS (G) 
Hours 

231,058 

110,667 

37,252 

7668 

k 
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Analysis  of  Research  Findings 
Numerical  Analysis 

Table  2 indicates  that  both  the  high  and  medium 
Base  Repair  Capability  (BRC)  strata  showed  an  overall 
increase  in  NORS(G)  incidents  and  hours.  For  the  low  BRC 
strata,  hours  and  incidents  showed  an  overall  decrease. 

Table  7 delineates  the  number  of  items  within  each 
strata  which  showed  an  increase  in  NORS  (G)  hours.  This 
table  also  indicates  the  increase  in  hours  and  incidents 
represented  by  these  items. 

Operational  Analysis 

Table  2 indicates  that  by  using  the  VSL  model,  an 

* 

overall  increase  in  the  number  of  NORS(G)  incidents  was 
generated.  Conversely,  the  number  of  overall  NORS(G)  hours 
was  reduced  from  7668  to  4229.  Within  the  low  BRC  strata, 
a greater  than  50%  reduction  in  hours  was  indicated  by  the 
research  findings.  Those  items  which  were  contained  in  the 
high  and  medium  BRC  strata  experienced  an  overall  increase 
in  NORS (G)  hours. 

The  above  findings  must  be  considered  from  an  over- 
all systems  viewpoint.  A reduction  in  low  BRC-strata 
NORS (G)  hours  should  be  considered  a favorable  impact  of 
using  VSL  policy.  However,  the  increase  in  NORS(G)  inci- 
dents and  hours  for  both  medium  and  high  BRC  items  must  be 
further  considered.  As  shown  in  Table  3,  the  items 
adversely  affected  by  VSL  policy  tend  to  be  zero-hour 
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items  (items  for  which  an  incident  is  reported  with  no  cor- 
responding hours)  when  they  are  within  the  high  BRC  strata, 
and  non-zero-hour  items  (items  for  which  an  incident  is 
reported  with  positive  hours)  when  the  items  are  within 
the  low  BRC  strata.  This  observation  indicates  that  high 
BRC  NORS (G)  incidents  are  normally  terminated  by  WRSK  with- 
drawal and  conversely  that  low  BRC  incidents  are  terminated 
by  depot  shipment  of  assets. 

It  therefore  follows  that  the  net  decrease  in 
NORS (G)  hours  would  tend  to  have  a favorable  impact  on  peace- 
time support  of  the  flying  mission.  However,  it  must  be 
noted  that  this  reduction  in  NORS (G)  hours  is  indicated 
to  be  at  the  expense  of  increasing  NORS (G)  incidents  for 
items  that  are  subject  to  termination  by  WRSK  withdrawal. 

As  a result,  a potential  adverse  impact  of  VSL  policy  is 
suggested  in  that  its  application  may  necessitate  the 
increased  use  of  WRSK  assets  that  are,  by  definition, 
required  for  wartime  use  in  support  of  the  flying  mission. 

It  should  be  noted  that  VSL  policy  indicated  increased  sup- 
port for  a greater  number  of  items  than  for  which  it  showed 
decreased  support.  However,  the  items  that  received  addi- 
tional support  suggested  the  occurrence  of  more  NORS(G) 
hours,  while  the  items  that  received  reduced  support  indi- 
cated more  NORS(G)  incidents. 
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Summary  of  Analysis 

Based  on  the  previously  defined  criteria  rule,  the 
research  hypothesis  was  supported  regarding  NORS (G)  inci- 
dents and  no  support  was  demonstrated  regarding  NORS(G) 
hours.  That  is,  the  synthetic  NORS(G)  incidents  subtracted 
from  rhe  actual  NORS(G)  incidents  was  negative,  while  the 
synthetic  NORS(G)  hours  subtracted  from  the  actual  NORS  (G) 
hours  produced  a positive  result. 

Based  on  the  previous  analysis,  it  may  be  concluded 
that  the  adverse  effect  on  NORS(G)  incidents  may  impact  the 
availability  of  WRSK  assets. 


CHAPTER  IV 
CONCLUSIONS  AND  RECOMMENDATIONS 
Conclusions 

Because  of  the  continuing  decline  in  funds  made 
available  to  the  Air  Force  to  provide  continued  logistics 
support  to  operational  units,  there  must  be  an  increased 
effort  to  allocate  this  support  in  an  efficient  and  effec- 
tive manner.  The  implementation  of  the  Variable  Safety 
Level  technique  into  the  D041  data  system  was  designed  to 
provide  optimal  support  for  the  recoverable  items  included 
within  the  context  of  that  system.  The  results  of  this 
research  suggest  the  possibility  that  a certain  number  of 
items  exist  which  may  degrade  the  intended  objective  due  to 
the  decreased  support  that  these  items  would  receive  under 
VSL  policy.  Specifically,  these  WRM/WRSK  items  would 
generate  an  increase  in  NORS(G)  incidents  requiring  addi- 
tional WRSK  withdrawals.  As  a result,  economic  efficiency 
and  peacetime  effectiveness  may  be  achieved  at  the  possible 
expense  of  wartime  effectiveness. 

Recommendations 

The  following  operational  and  research  recommenda- 
tions are  proposed: 
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1.  An  investigation  should  be  made  into  the  feasi- 
bility of  making  manual  adjustments  to  VSL  computed  stock 
levels  for  high  Base  Repair  Capability  items  that  can  be 
identified  as  NORS(G)  problem  items  and  which  receive 
reduced  support  under  VSL  policy. 

2.  An  investigation  should  be  undertaken  to  deter- 
mine the  feasibility  of  developing  within  the  framework 

of  the  D041  and  D165A  systems  a reliable  means  of  identi- 
fying (over  a period  of  time)  the  recoverable  items  that 
consistently  cause  problems  in  terms  of  the  occurrence  of 
NORS  incidents  and/or  hours. 

3.  An  investigation  should  be  made  of  the  accu- 
racy of  production  and  administrative  leadtime  and  other 
characteristic  data  as  reported  in  the  D041  system. 

4.  The  items  analyzed  in  this  research  effort  and 
listed  in  Appendix  B should  be  monitored  as  potential 
"problem"  items. 

5.  As  previously  stated,  the  results  of  this 
research  effort  are  indicative  rather  than  conclusive 
because  of  the  limitation  of  investigating  only  those  items 
with  a procurement  leadtime  less  than  or  equal  to  thirteen 
months.  It  is  therefore  recommended  that  this  research  be 
replicated  after  NORS  data  becomes  available  through  the 
month  of  May  1977.  This  would  allow  unrestricted  implementa- 
tion of  the  methodology  designed  for  this  research. 
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In  order  to  overcome  the  limitation  imposed  on  this 
research  effort  by  the  use  of  a point-assessment  approach, 
it  is  recommended  that  subsequent  efforts  employ  multiple- 
point  assessments  to  determine  the  time  sensitivity  of  the 
methodology  developed  for  this  thesis.  Alternately  stated, 
this  research  should  be  replicated  using  additional  D041 
computational  cycles  as  data  becomes  available.  Further- 
more, it  is  recommended  that  the  research  effort  be  repli- 
cated to  conclusively  determine  the  actual  impact  of  VSL 
policy  on  WRM/WRSK  items  when  actual  impact  data  becomes 
available  to  the  extent  that  the  use  of  partially-contrived 
data  (Synthetic  NORS (G)  incidents/hours)  would  no  longer 
be  required. 
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System  Flowchart — Phase  II 


System  Flowchart — Phase  III 
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